Objectives: To report the outcomes of surgical management of urinary tract endometriosis and discuss the choice between conservative and radical surgery.
INTRODUCTION
Endometriosis is characterized by the presence of active endometrial tissue outside the uterine cavity. 1 It has an estimated prevalence of up to 15% in women of reproductive age 2 and has considerable economic implications both for the patient and the National Health System. 3 Three types of endometriosis have been described: peritoneal superficial endometriosis, ovarian endometriomas, and deep infiltrating endometriosis (DIE). The latter usu-ally involves the uterosacral ligaments (USL), the rectovaginal space (RVS), the upper third of the posterior vaginal wall, the bowel, and the urinary tract. 4 Urinary tract DIE may be found in up to 6% of women presenting with pelvic endometriosis and may involve either the bladder or ureters. 5 The management of urinary endometriosis, as well as that of other localizations of DIE, is not based on high-level evidence data, but rather on case-series reported by surgical teams working in tertiary referral centers. Because the vast majority of authors are surgeons, these studies tend to conclude that surgical management is curative and can be performed successfully by experienced multidisciplinary teams. The association of medical treatment is often recommended, either pre-or postoperatively. Most case-series provide very good outcomes after short-and midterm follow-up, giving rise to the general opinion that outcomes of surgical removal of urinary tract DIE are favorable in a majority of cases. 6, 7 However, the choice between ureterolysis and segmental resection in the treatment of ureteral endometriosis remains controversial. 6 -10 The aim of our study was to report the outcomes of surgical management of urinary DIE in women managed by various surgical teams participating in the CIRENDO prospective database and to focus on the choice of surgical strategy and the circumstances in which specific complications occurred.
METHODS
A retrospective review was performed of data from the CIRENDO database, including patients managed for endometriosis in 11 and follow-up. Information is obtained using self-questionnaires (1 preoperative and 2 postoperative at 12 and 36 months), and surgical and histological records. The questionnaires are identical to those used for the Endometriosis database of Auvergne, (coordinated by Prof Michel Canis, Clermont Ferrand, France), allowing the pooling of data from the 2 databases. To date, data from more than 420 women with histologically confirmed endometriosis have been recorded in the CIRENDO database.
We selected from the database all women for whom the surgeon answered "yes" to the question "Did you carry out a urologic surgical procedure?" After a thorough review of surgical reports, only women who had benefited from cystectomy (either full-thickness or up to the mucosa), ureteral segmental resection or ureterolysis were included. Women managed by this latter procedure were only included if the ureter was completely surrounded by a fibrous endometriotic ring, resulting in either extrinsic compression of the ureteral wall or intrinsic involvement of the ureteral muscularis or mucosa, 7 in line with Nezhat et al's definition of "ureteral endometriosis" as being any situation where endometriosis causes compression or distortion of the anatomy of the ureter, even when hydronephrosis is not yet present. 7 The preoperative data and detailed information on surgical procedures were taken from the CIRENDO database, and information about preoperative workup and postoperative outcomes were checked from the medical records of each patient. Delayed postoperative outcomes were evaluated using CIRENDO standardized self-questionnaires and the standardized MHU (Measurement of Urinary Handicap) questionnaire. 11 The preoperative workup included MRI (Magnetic Resonance Imaging), cystoscopy, pelvic and abdominal ultrasonography, CT (computed tomography) scan or intravenous pyelography, and renal scintigraphy (Table 1) . Several patients also underwent endorectal ultrasonography or CT scan with virtual colonoscopy depending on the localizations (Table 1) .
Surgical procedures were performed by surgeons experienced in laparoscopic management of DIE, assisted by urological surgeons. Double-J ureteral stents were either pre-or intraoperatively inserted, and decisions regarding surgical procedures on the urinary tract were based on intraoperative findings. Ureterolysis was considered satisfactory when the fibrous ring surrounding the ureter was completely removed to a point where the remaining ureter appeared distally normal. When ureterolysis was insufficient for the removal of ureter stenosis, ureteral resection was immediately per- Computed tomography ϩ IV contrast 1 (6.3) 2 (13.3) formed with either end-to-end ureteral anastomosis or ureterocystoneostomy. For women over 40 years old undergoing definitive therapeutic amenorrhea, ureterolysis was performed with careful follow-up of the postoperative resolution of ureteral stenosis.
In cases of DIE of the bladder, full-thickness excision of the nodule and adjacent bladder wall was carried out, followed by immediate single-layer suture using 3-0 PDS, The depth of the excision into the myometrium was dependant on surgeon procedure and the patient's intention to conceive. In women undergoing cystectomy, cystography was performed before a decision was made about the removal of bladder catheterization at day 8. Ureteral stents were usually removed after 1 (bladder endometriosis) to 6 weeks (ureteral endometriosis). Postoperative medical treatment to induce prolonged amenorrhea was recommended in patients who did not intend to conceive.
RESULTS
According to inclusion criteria, from January 2006 to June 2010, 30 women were eligible for the study: 26 were managed at Rouen University Hospital and 4 at the centers Saint Hilaire, Europe, Elbeuf, and Saint Pierre. Patient characteristics and preoperative workup data are presented in Table 1 . Table 2 presents the surgical procedures performed in relation to the different localizations of endometriosis. Due to bilateral localizations in 2 women, 18 procedures on ureteral nodules were recorded. Ureterolysis was performed in 14 nodules, and the ureter was satisfactorily freed in 10 cases (Figure 1 ). In the remaining 4, moderate ureteral stenosis was tolerated, 3 of which showed postoperative improvement in both pyelon and ureter diameter. As regards the fourth case, persistent stenosis of the ureter and dilatation of the pyelon justified performing ureteral resection and ureterocystoneostomy 5 months later. Four women (25%) underwent primary segmental resection of the ureter with immediate end-to-end ureteral anastomosis. An intraoperative complication was recorded in only one woman, managed for enlarged DIE of both the rectum and the right ureter. Lateral dissection led to deep hemorrhage originating in the obturator vein, laparoconversion was performed and hemostasis was achieved by prolonged compression of the vein. Despite blood loss requiring intraoperative blood transfusion, postoperative outcomes were favorable.
Among the 5 specimens of ureters removed, intrinsic ureteral endometriosis was histologically revealed in only 2 cases (40%; Figure 2 ).
Fifteen women presented with DIE of the bladder (Figure 3 ) and underwent full-thickness excision of the nodule (86.7%; Figure 4 ) or excision of the bladder wall up to the submucosal layer (13.3%). A severe intraoperative complication was recorded in one woman who presented with an enlarged bladder nodule, associated with DIE of the rectovaginal space. During the dissection of the left edge of the bladder nodule, the left ureter was sectioned close to the uterine isthmus. Laparoconversion with ureterocystoneostomy was carried out with a favorable outcome.
After a mean follow-up of 24.9 months (SD 17.8, range 5 to 60), no patient showed recurrent urinary tract endometriotic lesions, and no patient was lost to follow-up.
In 16 women managed for ureteral nodules, 4 complications were noted (25%). One patient who underwent ureterolysis with a Harmonic scalpel had delayed ureteric fistula due to secondary thermal necrosis that was treated using a pig-tailed ureteric stent, followed by ureterocystoneostomy. A second patient managed by segmental resection for intrinsic endometriosis was admitted 7 days after surgery with pyelonephritis that was successfully treated with antibiotherapy. The third complication occurred in a 33-year-old woman managed for enlarged DIE of both the rectum and ureter, where removal was followed by bladder atony, requiring 5 bladder catheterizations per day over 6 months. The fourth patient was managed for DIE involving the rectum, responsible for extrinsic stenosis of the ureter, and underwent enlarged hysterectomy, rectal shaving, and segmental ureteric resection with end-to-end anastomosis. Because the Double-J ureteral stent had been inserted 6 months previously, an extensive calcified crust had developed, leading to intraoperative spreading of microlithiasis into the pyelon, above the anastomosis.
These circumstances were responsible for rapid postoperative obliteration of the stent and anastomosis fistula, requiring secondary ureterocystoneostomy.
In 15 patients managed for bladder endometriosis, 2 severe complications were recorded (13.3%). A 28-year-old woman undergoing full-thickness excision of the dome nodule presented with a fistula between the bladder and anterior vaginal wall, requiring reintervention 5 weeks later, with a favorable outcome. Another woman with DIE of the bowel and an endometriotic nodule arising on the bladder trigon underwent full-thickness removal of the bladder nodule, total hysterectomy, and segmental resection of the sigmoid colon. Subsequent prolonged bladder atony required 4 to 5 bladder catheterizations per day over a 15-month period.
Delayed postoperative outcomes were favorable with a significant improvement in painful symptoms and the absence of unpleasant urinary complaints, with the exception of one woman with prolonged bladder denervation (Table 3) . A complete relief of pelvic pain and dyspareunia, or a major improvement in the intensity of pain was recorded. Not earlier than 6 months after surgery, the assessment of urinary function was performed using MHU scores, and revealed satisfactory outcomes. Among 9 women who intended to become pregnant, 5 became pregnant spontaneously and one following an IVF procedure. The remaining 3 women who failed to conceive were found to have an impaired ovarian reserve as suggested by abnormal levels of anti-müllerian hormone (AMH). With the exception of one patient with bladder denervation, all women would recommend the surgical management to a friend who had the same disease (96%). 
DISCUSSION
Our case-series shows that surgical management of DIE of the urinary tract may successfully be performed by trained surgeons, with specific postoperative complications occurring in up to 25% of patients. Although most authors agree that surgical management of urinary tract DIE leads to favorable outcomes in a majority of cases, 7 we believe that patients should be aware of the associated additional surgical procedures, eg, insertion of ureteral stents or ureteroneocystotomy, and the risk of postoperative complications, such as inadvertent bladder denervation or vaginal fistulae. Ureteral endometriosis is most commonly unilateral, involving a small segment of distal left ureter and often represented by a per-ureteric ring. 7, 12, 13 It may be intrinsic or extrinsic, depending on whether the uroepithelium and submucosal layer of the ureteral wall are infiltrated. 7 Extrinsic compression of the ureter appears to be more common than intrinsic disease 14 ; however, several authors have suggested that the rate of occurrence of the latter is probably underestimated by surgeons who perform ureterolysis compared to those who tend to carry out ureteral resection. 9 Ureteral involvement is usually due to the lateral spreading of deep endometriosis primarily infiltrating rectovaginal space or uterosacral ligaments, and is associated in two-thirds of cases with ipsilateral ovarian endometriomas. 7 Progressive ureteral stenosis may be responsible for the destruction of the renal parenchyma and gradual kidney function loss, which can be preoperatively estimated by scintigraphy. 15, 16 Bladder endometriosis usually presents as an adenomyotic nodule originating from the anterior uterine wall and peritoneum, progressing forward towards the bladder, which it covers at the submucosal and mucosal layer. Both are infiltrated and pushed into the bladder cavity, subsequently becoming visible on cystoscopy. Bladder DIE may be responsible for various painful or unpleasant symptoms, such as suprapubic pain, dysuria, hematuria, and cyclic urgency. 7, 17 Most authors believe the complete removal of bladder endometriosis to be relatively simple, although it can be difficult to intraoperatively identify the posterior limit of the nodule against the myometrium, which must be preserved in women who desire to conceive. MRI examination usually shows the anterior wall of the uterus wrapping around the adenomyotic nodule, so that complete nodule excision requires the hollowing out of the nodule in the myometrium; and although skilled surgeons in a majority of cases can achieve complete removal of bladder endometriosis, that of the uterus may remain incomplete.
In some women presenting with hydronephrosis, the insertion of a Double-J ureteral stent is performed before referral to a tertiary reference center. If the delay between the Double-J insertion and the surgical management of the ureteral or bladder DIE exceeds several weeks, a calcification process may develop around the stent. Because the stent is usually replaced during the second surgical procedure, manipulation may break the calcified crust leading to microlithiasis of the urinary tract. In these circumstances, there is a risk of ureteral stent obliteration followed by urine overpressure in the urinary tract and anastomosis fistulae. We recommend, based on experience, ruling out the risk of microlithiasis before performing ureteral resection.
Despite the complexity of surgical procedures and the severity of postoperative complications, delayed outcomes are favorable in a large majority of patients, as shown by the MHU assessment and improvement in pelvic pain. The rate of pregnancy is also satisfactory, particularly as failure to conceive is generally due to factors other than ureteral or bladder nodules. After a follow-up varying from 5 to 60 months, 96% of women expressed satisfaction with postoperative results and would recommend the surgical treatment to a friend suffering from the same disease.
Despite numerous research papers previously published in the literature, there is as yet no definitive answer to the question "Which surgical procedure should be recommended for women presenting with ureteral endometriosis?" Studies show that in general 2 surgical approaches are used, resection of the ureteral segment, and ureterolysis, which frees the ureter from extrinsic compression. Most surgeons are familiar with both techniques, though the reasons that guide their choice remain unclear particularly as recommendations on the surgical management of urinary tract DIE tend to reflect experience or personal convictions based on scarce evidence. Thus, some authors 9 recommend radical resection to reduce the risk of recurrences as much as possible, while other authors 10 reserve ureterectomy for only limited cases and believe conservative surgery to be the management of choice in relieving ureteral obstruction and removing adenomyosis or endometriosis, even in patients with moderate or severe pyelic dilatation.
In our opinion, this debate much resembles that concerning the management of deep endometriosis infiltrating the rectum in which the 2 general convictions about DIE, separate surgeons worldwide into 2 distinct categories. The "carcinologic" approach is adopted by surgeons who strongly believe that the radical removal of all endometriotic foci is the most effective way to prevent the risk of recurrences, much as radical surgery does in cancer. Thus ureteral resection should be performed to avoid leaving intrinsic implants in place. 9 Conversely, other authors have proposed an approach to DIE that focuses more on the woman's needs and the resolution of complaints, than on prior lesion excision. 18 This approach becomes possible where medical treatment is associated with surgery and administered long term, ie, for years and not only for months 18 and suggests that the surgical approach in DIE should primarily focus on the relief of urinary symptoms, hydrone-phrosis, and pelvic pain, rather than on mandatory "carcinologic" resection of lesions. We believe that the latter symptom-guided approach with conservative management could provide a valid therapeutic option in a majority of cases, especially in women who no longer intend to conceive and who receive long-term medical treatment. 19 Furthermore, in our case-series, 3 of 5 ureter specimens were free of any endometriotic intrinsic implants, a result which is comparable to other results previously reported in the literature, 9, 20 and which suggests that in half the number of cases, the prevention of ureteral recurrences cannot be justification alone for performing a ureterectomy.
Randomized studies comparing a radical to conservative surgical approach are not available on this topic; therefore, case-series or retrospective comparative studies would be welcome in providing information that could be pooled in systematic reviews. Because the prevalence of urinary tract endometriosis is relatively low, the only way to assess effective treatment is through a large randomized study involving surgical teams worldwide, skilled in both radical and conservative approaches, where outcomes are measured not only in terms of recurrence rate but also the risk of postoperative complications.
